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Monday, April 29, 2019

Welcome to the 28th Annual Retreat of the UW-Eau Claire Mathematics
Department. This year we feature mathematical talks given by faculty and
students in the morning. In the afternoon, the 10th Andrew Balas Lecture,

Learning as we go: A Bayesian perspective on life & graduation, will be presented
by Dr. Alicia Johnson of Macalester College. This is followed by a mathematics

competition for students!
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8:30 AM - 8:50

Galois Groups of Field Extensions and Applications 8:30 AM-8:50
HHH 301

Tyler Gonzales and Maggie Reardon

Advanced

Let K/F be a field extension. The set Gal(K/F ) denotes the Galois Group of K
over F . That is, Gal(K/F ) is the group of all automorphisms of K which preserve F .
We discuss this group and its applications. A brief history on Galois Theory and the
insolvability of the quintic will be given to motivate this talk if time permits.

The Riccati equation and an application in modeling the
path of a bicycles tire 8:30 AM - 8:50

HHH 312
David Bachmeier, Patrick Treacy

Intermediate

In this presentation, we will be exploring a type of differential equation known as the
Riccati Equation. This differential equation has interesting extensions with regards to
information that one would see in an introductory differential equations course. We will
subsequently discuss an application of the Riccati Differential Equation examining the
relationship between the distance traveled by a bicycles front and rear tires.

The Rubik’s Cube Group 8:30 AM - 8:50
HHH 315

Isaac Carlson, Nevada LaPointe, and Kirsten Morgan

Intermediate

Using Abstract Algebra, we are able to analyze the Rubik’s Cube to construct a group
that contains elements that correspond to the cube’s movements. We will be explaining
this group and the group’s properties.

[5]
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Optimization of a MATLAB-Based Class Scheduler8:30 AM - 8:50
HHH 320

Jordan Egner-Schnitzler, Bennie Olsen, Tanner Olson

Elementary
Every college runs into issues with scheduling classes and UW-Eau Claire is no excep-

tion. Our goal was to build upon a legacy coded MATLAB script to optimize its ability to
correctly display when to schedule a new class with minimal student conflicts. Our work
has allowed for a higher degree of accuracy in reducing conflicts as well as accounting for
differing days of the week to impact the performance of the code.

Minimal Complexity of C-Complexes8:30 AM - 8:50
HHH 322

Dan Guyer and Jonah Amundsen

Advanced
In knot theory, a link is a disjoint union of circles, (i.e. components), in 3-dimensional

space. Recently, the surfaces bounded by these components, together referred to as a
C-Complex, have been used to measure the interaction between components. We ask
the question, “Given a link, what is the least number of clasps amongst all C-complexes
bounded by that link?” We achieve bounds for the number of clasps for two and three
component links.

9-9:20

The abc Conjecture9 AM - 9:20 AM
HHH 301

Jonah Amundsen

Intermediate
The abc conjecture is a famous unsolved problem in Number Theory involving one of

the most simple equations: a + b = c. Specifically, the conjecture makes a claim about
the number of prime factors in a, b, and c. To many mathematicians this problem seems
completely intractable, but controversy was sparked in 2012 when one mathematician
claimed he had a proof over 500 pages long. In this talk we discuss the problem and the
implications if proven.

Differential Equations and Electromagnetic Fields9 AM - 9:20
HHH 302

Tyler Gonzales and Sean Parsons

Intermediate
Both differential equations and partial differential equations (PDEs) arise in the phys-

ical theory of electromagnetic fields. In this talk, we first discuss the second-order linear
non-homogenous differential equation arising from the interaction of alternating current
and a simple RLC circuit. Next, we will discuss Maxwell’s Equations of electromagnetism,
providing a conceptual focus on these rather complicated PDEs.
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Differential Geometry of Ruled Surfaces 9 AM - 9:20
HHH 308

Katherine Reiter

Intermediate
Ruled surfaces, or surfaces composed entirely of straight lines, are a subset of three-

dimensional surfaces. One can see how simple surfaces such as cylinders and helicoids
can be classified as ‘ruled’, but others, such as the single-sheet hyperboloid, which has a
curved hourglass shape, take a more creative perspective. We will discuss methods for
recognizing and plotting ruled surfaces, as well as the properties unique to them.

Random Forest Analysis of Breast Cancer Age at Onset 9 AM-9:20
HHH 312

Hannah Rose Bettack and Foong Min Wong

Elementary
This research aims to identify potential genetic variants for breast cancer age at diag-

nosis. Currently, only 40% of the genetic risk for breast cancer can be accounted for by
genetic variants; more variants need to be identified so that people can receive accurate
risk assessments and effective treatment options for the disease. We used ordinal regression
to develop a model for the binned age at onset using variants that are already known to
be associated with breast cancer. We then used random forests to find additional genetic
variants associated with that model’s residuals. Using simulated data, we compared the
residuals calculated from the mean, median, and mode of the predicted age at onset. We
also compared random forests on all individuals to random forests on only the individuals
whose age at onset was poorly predicted by the regression model. We found that using
all individuals and the mode of the predicted age at onset provides the best fit to the
simulated data. We will also present our preliminary findings from real, non-simulated
data.

Abstract Algebra Applications to Music Theory 9 AM - 9:20
HHH 315

Brendan Zember, Michelle Christensen, Anna Swearingen, Andrew Senapatiratne

Intermediate
Our presentation will cover the basic concepts of Music Theory and the applications

of Abstract Algebra within it, such as transpositions, isomorphisms, permutations, and
groups.

Multiplying and Dividing Fractions in a new fashion 9 AM -9:20
HHH 318

Lacey Schleicher, Samantha Fattes

Elementary
Fractions are just part of a whole. Why do students hate the topic of fractions?

Typically the annoyance comes from not knowing how to solve a problem that involves
fractions. They tend to stay away and prolong the interaction with the fractions. Knowing
what function to use with a fraction can be tricky sometimes. Come learn about how to
tell the difference of when to multiply and when to divide fractions in various problems.

5



Modeling Mortality-Linked Securities: a study with the
Swiss Re bond9 AM - 9:20

HHH 320
Kola Loh

Intermediate
The Swiss Re bond is the first mortality risk contingent security. In this research, we

introduce two modifications, to address some criticisms about the bond’s original index.
Firstly, we add an economic variable into our mortality index, because mortality experience
is affected by economical parameters. Secondly, we modified the location parameter in the
index to capture the mortality experienced in different locations. Then, we study how the
new index could affect the bond’s price. Projections and calculations were made using R.

Tait Graphs and Properties of Virtual Knots9 AM - 9:20 AM
HHH322

Izabel Steinmetz

Intermediate
In this talk, I will define virtual knots and Tait graphs. I will discuss how virtual

knots relate to their Tait graph. A way to color a Tait graph for virtual knots will be
explained. I will also deliberate on how to produce a Tait graph for normal and virtual
doubling operators. Formulas for the number of edges and vertices of a Tait graph for a
doubled knot will also be discussed.

9:30 - 9:50

Insolvablity of the quintic polynomial and beyond9:30 AM-9:50
HHH 301

Levi Soborowicz, Zach Walbrun

Advanced
We know a lot about polynomial solutions, there is an explicit formula for solving

quadratics discovered by historical figures Pythagoras and Euclid. In addition there is a
formula for solving cubics that is considerably more complicated. For solving quartics,
there is a formula that would take up an entire chalkboard. What about quintics and
beyond? Why isnt there an explicit formula with radicals to solve them? Using Galois
Theory, this concept can be explained.
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The Riemann Curvature Tensor for the Surface of S2(1) 9:30 AM - 9:50
HHH 302

Tyler Gonzales

Advanced
The Riemann curvature tensor is an object used in General Relativity and Differential

Geometry to encode all the information about the curvature of a surface. This (1, 3)-tensor
is of rank of 4 (meaning one upper and three lower indices, for a total of 4). This talk, in
particular, will look at the Riemann curvature tensor for the surface of a unit sphere and
discuss its relations to Einstein’s Theory of General Relativity.

The Fischer-Griess Monster Group 9:30 AM - 9:50
HHH 308

Rachel Ammann, Satchel Sabin, and Jacqualine Stanscheit

Intermediate
Our presentation will cover the Fischer-Griess monster group. This will include all

the basis math theory and definitions required to understand what this group is as well
as constructions and other representations of this group. A brief history of the groups
discovery will also be included.

Connections between Math & Music 9:30 - 10:20 AM
(50 minutes)
HHH315Jim Walker

Intermediate
This talk will describe ways that mathematics helps us to better appreciate funda-

mental ideas in music, including pitch, harmony, timbre, and rhythm. Free computer
software for displaying pitches and their overtones, and for creating complex rhythms will
be demonstrated.

[8]

Solving Problems Using Physical Representations 9:30 AM - 9:50
HHH 318

Darek Nelson, Michelle Christensen

Elementary
Understanding problems can be easier with physical representations. Sometimes, it

can be hard to correctly visualize what a particular problem may be asking. We will be
demonstrating how to visualize problems and solve them not only with pencil and paper,
but with concrete objects and visualizations.

7



On the Indeterminacy of the Triple Linking Number9:30 AM - 9:50
HHH 322

Jonah Amundsen

Advanced

Given a link, in the case that it has vanishing pairwise linking numbers, the triple
linking number is an integer invariant. When the linking numbers fail to vanish, this in-
variant is not well defined. In recent work Davis-Nagel-Orson-Powell produce an invariant
refining the triple linking number. The goal of this talk is to compute the group that this
invariant lives in and show that when the number of components n ≥ 6, it is non-trivial.

10 AM - 10:20

How to get all the chicken nuggets you want: The
McNugget Problem10 AM-10:20

HHH 301
Elizabeth Mullis

Elementary

Explores a famous math problem where if McDonalds offers 6, 9, and 20 chicken
nuggets, how many numbers of chicken nuggets can you order? Similar problems are also
discussed, as well as how to find a solution to each one. Limits to the problems, such as
at which integer value does the solution begin, and number combinations that will never
give a solution to the problem, are also covered.

Are There Any Odd Perfect Numbers?10 AM - 10:20
HHH 312

Brandon Welbes

Intermediate

A perfect number is a number that is equal to the sum of its proper positive divisors.
Such numbers include 6 (= 1 + 2 + 3) and 28 (= 1 + 2 + 4 + 7 + 14). Perfect numbers
have been known about and studied for millennia. Around 300 B.C., Euclid proved that
an equation can generate an even perfect number. However, it remains unsolved whether
any odd perfect number exists. Topics to follow include the restrictions on an odd perfect
number (if one exists), interesting results of perfect numbers, and the related categories
of numbers: deficient, abundant, semiperfect, and weird.
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Connections between Math & Music (Continued) 9:30 - 10:20 AM
(Continued)
HHH315Jim Walker

Intermediate
This talk will describe ways that mathematics helps us to better appreciate funda-

mental ideas in music, including pitch, harmony, timbre, and rhythm. Free computer
software for displaying pitches and their overtones, and for creating complex rhythms will
be demonstrated.

[8]

Sequences and their functions 10 AM - 10:20
HHH 318

Jonah Amundsen

Intermediate
1, 4, 9, 16, 25. This sequence clearly follows the function x2. But what about the

function 5, 13, 31, 65, 121? Fitting sequences to polynomials can be a difficult problem.
Even more difficult is when the sequence is only defined with a recurrence relation, such
as x(n + 1) = 2x(n) + x(n)2, with x(0) = 1. In this talk we discuss ways of finding a
function that generates a sequence, both by hand and using a computer.

10:30-10:50

When is a Unit Group Cyclic? 10:30 AM-10:50
HHH 301

Izabel Steinmetz, Lily Chua

Advanced
In this talk, we will discuss the history of Gauss. We will also define what a group is

and what it means for the group to be cyclic. Then we will prove the multiplicative group
of units of the additive group of integer modulo n is a group. We will also show when the
group is cyclic, based on Gauss’ proof.

[1]
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Differential Equations and the Hodgkin-Huxley Model10:30 AM - 10:50
HHH 312

Jonah Amundsen, Dawn Paukner

Intermediate

The electrochemical signal a neuron generates depends on the flow of ions within and
surrounding the cell. As an action potential is generated, ions flow across the membrane,
and these concentrations change. In 1952, Hodgkin and Huxley developed a mathematical
model using a set of nonlinear differential equations to describe how an action potential is
generated. Our talk discusses what these equations represent and the mathematics behind
their model.

Group Theory and Rubik’s Cubes10:30 AM - 10:50
HHH 315

Bryce Bjorkman, Manvel Beaver, Rebecca Tollakson

Intermediate

The Rubik’s cube is a popular puzzle involving six faces which can be rotated about
its center. Each face is comprised of colored, symmetric subdivisions called “cubies”. We
can describe the motions of a cube’s faces in terms of how the orientation of the cube’s
“cubies” is affected. Using representation theory, we form a group where the set elements
are the possible motions of faces and the group operation is composition of motions in
order.
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Random Forest Analysis of Macular Degeneration 10:30 AM - 10:50
HHH 320

Hannah Lewis and Eric Mallmann

Elementary

Age-related macular degeneration (AMD) is a major cause of blindness, affecting ap-
proximately 11 million people in the United States. Our research goal is to find undiscov-
ered genetic variants which may be associated with AMD. Using simulated data, we ran a
linear regression with known associated genetic variants. We then used random forests to
predict the residuals from the linear regression. We examined Receiver Operator Charac-
teristic (ROC) curves of the variable importance scores to determine which residual type
to analyze on real genetic data. While there was no statistically significant difference on
our simulations, we found that the Pearson residuals gave the best area under the curve.
We will also present results using random forests on Pearson residuals from real data.

[3]

11-11:20

An Investigation in the Fibonacci Sequence Modulo 10 11 AM-11:20
HHH 301

Dan Guyer and Miko Scott

Intermediate

The Fibonacci sequence has been studied for 800 years, however, in 1960, D.D. Wall
introduced the concept of a Pisano period. By arranging the Pisano period that occurs
when taking the Fibonacci sequence modulo 10 onto a circle, there are many patterns that
appear, some of which follow the Fibonacci recurrence relation. These patterns and their
potential significance motivate future research that we will be conducting.
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Optimizing new class sections and scheduling with existing
functions11 AM - 11:20

HHH 308
Christian Hoyer, Andrew Senapatiratne, Ruth Woehlke, Jerry Gu

Intermediate
UW-Eau Claire offers a variety of course options, but with increasing number of stu-

dents and options, the program for adding new course sections needs to be improved to
provide optimal solutions for adding new class sections. We used previous class’s exist-
ing model as the structural basis for the top 73 most popular classes and made more
refined improvements. The existing model will provide the overall optimal solutions for a
class section. We divided this generalization into different sections of the week (Monday,
Wednesday, and Friday as one set, Tuesday and Thursday as one set), and implemented
student conflict into the scheduling process. The result provides better solution to maxi-
mum number of students.

[7]

Clairaut’s Equation on Time Scales11 AM - 11:20
HHH 312

Melany Puser and Hunter Hartke

Advanced
For this project, we studied a generalization of Clairaut’s equation on arbitrary and

isolated time scales. In the case of f(x) = x3, we solved Clairaut’s equation and found a
general solution and a rather complicated singular solution. We identified regions in both
the solution domain and phase portraits to help us analyze how the solution would behave
given a particular initial condition. Using a strategic substitution, we explored various
regions of behavior of the singular solution.

12



Cryptography: Diffie-Hellman Key Exchange 11 AM - 11:20
HHH 315

Lily Chua, Anna Swearingen, Darek Nelson

Elementary

In this talk, we will discuss about public key cryptography. We will mainly focus on
how we can share a secret between two parties over a public network with the use of
Diffie-Hellman key exchange. We will elaborate on the use of congruence theory in the
simplest and the original implementation of the protocol.

[4]

Using Matrix Logic 11 AM - 11:20
HHH 318

Rachel Rand and Jessie Knutson

Elementary

We will be providing questions and strategies to solve problems using matrix logic. We
will walk through an example using the strategy, then provide questions for the audience
to solve using their new knowledge.

Optimal Scheduling for Administrators 11 AM - 11:20
HHH320

Patrick McCaughin, Colleen Olson, Michael Lund, Jack Tyler

Elementary

The purpose of this project is to design a MatLab program that assists administration
in scheduling new course sections when there is a demand for one. Using data from past
students’ schedules, the days and times of course sections, and a list of the most popular
classes on campus, our program scans through all data to determine what time and days
a new section should be offered, giving the least number of conflicts for students.

11:30-11:50

13



Primality Tests11:30 AM-11:50
HHH 301

Zachary Kaiser, Bryant Callaghan

Intermediate

For hundreds of years, people have been mystified by prime numbers. While many
numbers are interesting because they are part of a larger pattern, primes are unique
due to their seeming randomness. This talk will cover some of the differences between
heuristic, probabilistic, and deterministic tests, then touch on algorithmic efficiency and
computational complexity before going into more detail on a few specific tests including
the Rabin-Miller strong pseudoprime test.

Minimal Surfaces11:30 - 11:50
HHH 308

Jonah Amundsen

Intermediate

A minimal surface is a surface that locally minimizes the area at each point. The
study of such objects is hundreds of years old, yet is still studied to this day. Although
the mathematics of these objects can become very complicated, they can be very easily
described and visualized using soap films. The goal of this talk is to mathematically
describe these objects and demonstrate them with soap films.

The Convection/Diffusion Equation11:30 AM - 11:50
HHH 312

Melany Puser and Brendan Power

Intermediate

In this presentation we will discuss the Convection Diffusion Equation which models
the transfer of physical quantities within a system. We provide an overview of the deriva-
tion of this partial differential equation before introducing simplifications that allow us to
reduce it to an ODE. We will also work through some example problems that demonstrate
the application of this reduced Convection Diffusion Equation.

Algorithms for Counting Paths of Fixed Faces11:30 AM - 11:50
HHH 315

Bryce Bjorkman, Geoffrey Glover

Intermediate

We can construct an algebra associated to a regular polygon, such as the 4-D icosa-
hedron (H4), by considering the edges and paths in the Hasse graph of the polygon. For
each symmetry of the polygon, we construct a subgraph of fixed faces. We then count
the directed paths in those subgraphs. Our goal is to develop and validate programming
methods that perform these operations for H4 and can be extended to other polygons.

14
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The Death Boxes 11:30 AM - 11:50
HHH 318

Laney Sullivan, Sam Thompson

Elementary

In our presentation, we will be solving a problem using the skills we have learned in
our problem-solving class. In the problem we must quickly use a scale ridding ourselves
of the empty boxes, 3/12 boxes contain nothing. The 9 containing something will have
a heavier weight, along with statements about which one may contain what. We must
decipher the statements and find the safe box, otherwise, a tragic and gruesome death
awaits us.

Analytics for Local Collegiate Baseball League: Improved
Statistics and Favorable Factors 11:30 AM - 11:50

HHH320
Hunter Hartke, Brett Schulte

This project focuses on analytics methods based on traditional, historic statistics gath-
ered for baseball players in the local collegiate Northwoods League, as well as team win-
loss records. Newer metrics for individual player batting and pitching strengths were
computed, based on statistics developed recently within Major League Baseball, and com-
pared to historical assessment measures. Recursive record-updating methods were applied
for predictive purposes of team records, including connections to streaks of wins or losses.

15



Mathematical Analysis of Alternative Power Systems in a
Northern Wisconsin Home11:30 AM - 11:50

HHH 322
Sicheng Mo, Hannah LeMoine, Yuchi Dong

Elementary

The effects of global warming have been causing irreversible damage to the Earth
over the past decades. Human beings are the main producers of carbon emissions that
cause this climate change and we, are also the main victims. One way we can reduce
our individual impact on the environment is to focus on the production and consumption
of eco-friendly sources of electricity such as solar, wind, or bioelectric energy. Based on
the current available and suitable energy options, we have proposed to modify our house
by using a hybrid system including solar energy and wind turbine energy to replace the
traditional power grid. Considering the electric rate, size of house, sunlight-time, wind
speed etc. in Northern Wisconsin, we have predicted the immediate and long-term fiscal
and environmental impacts. From this cost-benefit analysis, we project that the best
hybrid option is a combination of 95% solar power and 5% wind energy, which would save
about $41, 000 over the next 30 years.

12-12:20

Storm Count One12 PM-12:20
HHH 301

Rayna Wangen, Isaac Burchby

Intermediate

Storm count one, aetherflux triggers, gain one life. Counting exists heavily in Magic
the Gathering. Between traditional counting and trianglar numbers, there is much that
can be done. Lets explore combinatorial number theory in this trading card game.

Optimizing the Addition of Class Sections in the College of
Arts and Sciences12:00 PM - 12:20

HHH 308
Preston Benedict, Hunter Hartke, Shane Kohls, Ellie Lochner, John Timmerman

Intermediate

Finding the optimal time for offering a new course section at UW - Eau Claire can be
difficult due to the large possibility of conflict. We have adapted a previously developed
program that analyzes sections of the 74 most popular classes offered to output when the
best time is to schedule a new section. With our updates, the program accounts for desired
days of the week and the term each class is offered, among other factors.

16



The Solow-Swan Differential Equation Model 12 PM - 12:20
HHH 312

Ted Molkentin

Elementary This presentation will explore the Solow-Swan differential equation economic
model and its relation to the economic production function. We will see how the economic
production function can be used to model the output based on the amount of labor and
capital invested. We will then explore how savings rate and the depreciation rate of assets
affects the ideal production level, that is a balanced equilibrium.

Working Backwards 12PM - 12:20
HHH 318

Cameron Lawrence

Elementary
We will be going over problems that can be tricky to figure out until you flip it around.

There will be problems for the big group, so we can practice using the problem-solving
tool, working the problem backward.

Reducing Conflicts in New Student Schedules using
MATLAB 12 PM - 12:20

HHH 320
Aaron Deacon, Nick Reding, Justin Anderson

Intermediate
Every summer, recently admitted students at UWEC register for classes through the

College of Arts and Sciences. Most popular classes tend to fill up rather quick, leaving
students confused on what to do next. Using MATLAB code developed by previous Math
Modeling students, our goal is to further develop the program that will schedule a new
section of a class on the best days of the week, with the least amount of conflicts.

12:45 -1:30 LUNCH Hibbard Penthouse

Meet the speakers and share some food

17



Learning as we go: A Bayesian perspective on life &
graduation2:00 - 3:15

Hibbard 101
Alicia Johnson

Macalester College

Bayesian?! Statistics and data science have long been dominated by the frequentist
philosophy and methodology. Though tradition is slow to break, the once controversial
Bayesian philosophy is emerging as an increasingly popular alternative. In this talk, I willl
provide an overview of my work in Bayesian statistics and computing, and discuss just
why these tools are catching on now. I will also highlight how thinking like a Bayesian
can provide insights into some questions that just might be on your mind: What did I /
can I learn from my math major?! And now what? Spoiler: So much more than math!
And who knows, but you are certainly prepared for the ride.

[2]

3:30-4:30 Math Competition Hibbard 101
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